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LOW-SPEED WIND-TUNNEL TESTS OF A FULL-SCALE
M2-F2 LIFTING BODY MODEL*

By Kenneth W. Mort and Berl Gamse
Ames Research Center

SUMMARY

The longitudinal and lateral-directional aerodynamic characteristics of
the M2-F2 lifting body model were investigated in the Ames 40O- by 80-Foot Wind
Tunnel. The M2-F2 configuration was based on the M2-Fl design with modifica-
tions to the afterbody, the control surfaces, and the canopy location. The
effects of modifications to the model during the test series, but not incor-
porated in the final M2-F2 configuration, are also included.

The investigation was conducted over a range of angles of attack from
-8° to +28°, angles of sideslip from -5° to +10°, and free-stream dynamic
pressures from 17 to 97 1b/ft2. The results indicated that the M2-F2 configu-
ration was longitudinally stable over the entire trimmed lift-coefficient
range investigated, from O to 0.9. There was no evidence of stall except at
the extreme combination of 24° angle of attack and 10° angle of sideslip. The
maximum lift-to-drag ratios reallzed for the M2-F2 configuration were 4.2
untrimmed and 4.0 trimmed.

INTRODUCTION

Studies of lifting body reentry vehicles capable of controlled gliding
flight and conventional horizontal landings resulted in the basic M2-F1 design
(see refs. 1-7). The results of wind-tunnel and flight tests of this vehicle
configuration are reported in reference 8, 9, and 10. The design of the con-
trol surfaces, the afterbody, and the canopy was modified to improve the low-
speed performance and handling characteristics of the vehicle and to make the
configuration compatible with high-speed flight requirements. This modified
configuration was designated the M2-F2. The low-speed aerodynamic character-
istics determined by full-scale wind-tunnel tests of this modified design and
the effects of other modifications tested during the investigations leading to
the definition of the M2-F2 configuration are reported here.

NOTATION

b maximum span, 9.51 ft
Cp drag coefficient, é%

*Title, Unclassified
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Cy, lift coefficient, 55
rolling moment

c, rolling-moment coefficient, 35b

C, pitching-moment coefficient, pltc}lzg% momen’

Cphn  yawing-moment coefficient, yaw12§bmoment
side force

Cy side-force coefficient, %

D drag force, 1b
L lift force, 1b

1 reference length (original length of M2), 20 ft

a free-stream dynamic pressure, 1b/ft®

free-stream velocity
kinematic viscosity

Reynolds number, X 1

S reference area (original body planform area of M2), 138.9 2

a angle of attack, angle between cone axis and free stream, deg

B angle of sideslip, deg

differential upper flap or elevon deflection, deg k—f4 VO/( s {4 5@
1 lower flap deflection, deg

o rudder deflection, deg

upper flap deflection, deg

Superscript
r radius, in.

The forces developed by the model were resolved along the wind axes and
the moments about the body axes.

The sign convention for control surface deflections, forces, and angles
is given in figure 1. Zero angle on all control surfaces is defined as that
position where the control surface is tangent with the model surface
immediately upstream of the control hinge line.



MODEL DESCRIPTION

The model is shown in figure 2 installed in the 40- by 80-foot wind
tunnel. The model dimensions are presented in figure 3. The body of the
model forward of station 240 was made from a fiber glass mold of a plywood
construction flight vehicle (M2-F1). Deviations of that flight vehicle's
dimensions from those in figure 3 were repeated on the model. The model con-
struction, therefore, is typical of large-scale wind-tunnel models in regard
to air leakage, control surface attachments, and rigidity but is not typical
in regard to dimensional tolerances and surface conditions. -

sy .

The control system of the M2-F2 configuration (figs. 1 and 3(a)) included
upper-surface flaps that moved together for longitudinal control and differen-
tially for lateral control, and lower-surface flaps that could be used inde-
pendently or in conjunction with the upper flaps for longitudinal control.

The lower-surface flaps were limited to a minimum deflection of 10° and were
always deflected together. The model had split flap-type rudders on the out-
board surfaces of the wvertical stabilizer with only one surface deflecting
outboard at a time for directional control.

The devices investigated included (figs. 3(b), 3(c), and 3(d)) the
beattail fairing (which was incorporated into the final M2-F2 configuration)
elevons at the base of the vertical stabilizer, flaps with their hinge line at
the trailing edge of the afterbody, quasi-wings simulating landing gear doors,

outboard ventral fins, and a central dorsal fin.
TESTING PROCEDURE

The aerodynamic characteristics were obtained by varying the angle of
attack from -12° to +28° for several control settings and for sideslip angles
of -50, O°,+50, and +10°% The effects of Reynolds number were investigated at
one longitudinal control setting and zero sideslip for Reynolds numbers from
20xX10® to 36x10%. Unless otherwise noted on the figures, the investigation
was performed at a Reynolds number of 36x10® (dynamic pressure of 97 1b/ft2).
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DATA REDUCTION

Accuracy of Data

The accuracy of the data presented, estimated from possible errors in
measurements, instrumentation, and recording, is as follows:

Lift +10 1b Rolling moment +400 ft-1b
Drag *3 1b Dynamic pressure +0.5 percent
Side force +3 1b Angle of attack +0.20
Pitching moment +300 £t-1b Control surface o
Yawing moment +100 £t-1b deflection 0.5
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Corrections to the Data
The data were corrected to account for the unshielded main strut tips and
tail strut and for the fairing between the main strut tip and Lhe body
(fig. 2).

The strut tip and tail strut tare values used were:

Cp = 0.052 - 0.020 sin «
Cy = -0.031 + 0.001 sin a
C, = 0.0518 sin B

C; = 0.0082 - 0.0116 sin a

The fairing tare values used were:

Cr, = 0.111 sin « , a < 18°
= 0.034 - 0.093 sin(o - 18°) , o > 18°
Cp = 0.389 - 0.389 cos @ - 0.020 sin « , a < 16°
= 0.0l , o > 16°
Cp = -0.262 + 0.262 cos a + 0.0124 sin o , o < 16°

-0.007 + 0.055 sin(a - 16°) , o > 16°
RESULTS AND DISCUSSION

The results are presented in two parts, the first part documents the
aerodynamic characteristics of the M2-F2 configuration, and the second pre-
sents the effects of the various devices investigated during the process of
defining the M2-F2 configuration.

Aerodynamic Characteristics of the M2-F2 Configuration

Iongitudinal aerodynamic characteristics.- The effect on the longitudinal
aerodynamic characteristics of varying the Reynolds number from 20x10€ to
36x10°8 (fig. 4) is seen to be small, particularly for lift coefficients below
0.6. The longitudinal aerodynamic characteristics for various piteh control
settings at zero sideslip are presented in figure 5. The trimmed longitudinal
aerodynamic characteristics determined from figure 5 are presented in fig-
ure 6. It is evident from the results presented in figure 5 that the static
stability tends to decrease with increasing 1ift coefficient (particularly at
the higher values of 61). The static stability is also decreased slightly




by decreased (more negative) upper flap deflections and decreased lower flap
deflections for 1lift coefficients less than 0.5.

A comparison of figures 5(a) and 5(e) shows that the drag coefficient at
zero 1lift for the minimum flap deflection tested (8, = 0° and &; = 10°) was
half that for the maximum flap deflection (6u = =259 and 87 = L0°). This drag
increase is indicative of the increase in effective base area as the flaps are
deflected away from the body surface. This base area increase results in a
meximim untrimmed value of L/D = 2.1 when 6u = 259 and 51 = L4O® compared to
a value of L/D = 4.2 when &, = 0° and &; = 10°. A change in maximum L/D
of the same magnitude occurs for the trimmed conditions of figure 6 when the
cases for &; = 10° and 3; z 40O are compared. The maximum trimmed L/D for
&; = 10° was L.0 and the minimm was 2.3 for &3 = 40°.

Figure 7 indicates that sideslip did not greatly affect the longitudinal
characteristics at or below B = 5°. However, when the angle of sideslip was
increased from 5° to 10°, there was a sizable increase in drag and a small
reduction in 1lift curve slope. In addition, at B = 10°, a definite maximum
lift coefficient was reached at o = 26°, accompanied by an unstable break in
the pitching-moment curve. At B = 0° and 50, a stall break was never reached,
and the 1lift coefficient was a linear function of the angle of attack over the
entire range tested (o = -10° to +28°).

Lateral-directional aerodynamic characteristics.- These characteristics
are presented in figure 8(&) as a function of angle of attack for several
sideslip angles and in figure 8(b) as a function of sideslip angle for several
angles of attack. These data show that the roll, yaw, and side-force coeffi-
cients are nearly linear functions of p. From the yawing-moment results of
figure 8(a), there appears to be a transition in the value of the yawing
moment due to sideslip (Cn ) from a low value that exists at negative angles
of attack to a high value that exists for angles of attack greater than 12°.
This could be due to interaction of the vortex flow from the leading edge with
the vertical stabilizers. It is also apparent from figure 8(a) that there is
sudden change in the yawing and rolling moment at about 26° angle of attack
for 10° sideslip. This, together with the previously mentioned unstable break
in the pitching-moment curve, suggests that the flow separates on the windward
vertical stabilizer and causes a breakdown in the flow over the afterportion
of the upper surface and a resulting forward movement of the center of
pressure.

The effects of rudder and aileron deflections on the lateral-directional
aerodynamic characteristics are presented in figures 9 and 10, respectively,
for an upper flap setting of -10° and a lower flap setting of 20°. The varia-
tions in rudder and aileron control effectiveness due to longitudinal control
settings were negligible; hence, results for only one setting are presented.
The lateral-directional aerodynamic characteristics are presented both as
functions of angle of attack for different control settings and as functions
of control setting for different angles of attack. The effects of the lateral
and directional controls are seen to be essentially linear functions of the
respective control deflections with only small variations due to angle of
attack. The large adverse yawing moment due to roll control (Cn5a/016a;w -1)
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evident in figure lO(b) should be noted. According to the flight test results
reported in reference 10, for the M2-F1 vehicle, a CHSa/Cla value of about
a

-0.2 was obtained during flight tests. This value was considered acceptable
for the limited lifting body mission even though the resulting roll response
was sluggish and marginal when compared with fighter-type aircraft require-
ments. Unpublished results of simulator studies of the M2-F2 flight charac-
teristics indicate that its level of adverse yaw could be unacceptable. A
center dorsal fin, which reduces the adverse yawing moment due to roll control,
is discussed at the end of the following section.

Aerodynamic Characteristics of Various Devices Investigated

Boattail fairing.- The boattail fairing was incorporated into the M2-F2
configuration. The dimensions of the fairing and the model configuration (as
it was when the fairing effects were investigated) are shown in figure 3(b).
The model was never tested with the aft flaps off when the boattail was off.
Because of this, the comparison of the results with and without the boattail
fairing includes the effect of moving the aft flap 26 inches farther back from
the moment reference. However, this effect is probably a small percentage of
the effect of adding the boattail fairing. The basic longitudinal aerodynamic
characteristics are shown in figure 11l. The results are shown for the elevon
on and off and for the aft flaps at -10° incidence. An examination of this
figure indicates that the boattail fairing reduced the drag and increased the
lift-curve slope, and hence increased the untrimmed maximum L/D by over 0.5.
It is also evident from the pitching-moment results of this figure that the
longitudinal stability of the M2-F2 was improved by the addition of the boat-
tail falring. The presence of the elevon affected the contribution of the
boattail fairing, especially at low angles of attack.

Elevons.- The elevons were used on the original M2 configuration
(designated M2-F1) but not on the M2-F2 configuration. The elevon dimensions
and the model configuration (as it was when the elevon effects were investi-
gated) are shown in figure 3(b). (It should be noted that the elevon position
tested was different from that of the M2-Fl.) The longitudinal aerodynamic
characteristics for symmetrical deflections are shown in figure 12(a) and the
lateral-directional effects for differential deflections are shown in fig-
ure 12(b). These data indicate that the longitudinal aerodynamic character-
istics were generally improved by the presence of the elevons. The data shown
in figure 12(a) indicate that a 10° change in angle of attack had a greater
effect than an equal deflection of the elevon. This suggests that the body-
induced upwash, which increases with angle of attack, interacts with the
elevons.

The lateral-directional results shown in figure 12(b) indicate that very
little yawing moment is produced when the elevons are differentially deflected
for roll control, that is, Cng /Czaa,g 0. Hence, one method of eliminating

a —_—

the large adverse yaw of the M2-F2 configuration previously discussed is to
incorporate outboard mounted elevons. B

Aft flaps.- The dimensions and arrangement of these flaps are shown in
figure 3Zb). The control effectiveness of these flaps is compared to that of
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the M2-F2 upper flaps in figure 13. It is evident from this figure that
changes in 1lift, drag, and pitching moment are less per degree of flap deflec-
tion than are realized with the upper flaps of the M2-F2 configuration even
though the tail volumes (tail length times surface area) are almost identical.
This is probably due to a greater influence of the M2-F2 flap on the body flow
patterns. However, if trimmed results are obtained from these data, drag for
a given lift is slightly higher for the upper flaps. Hence, the trim drag is
slightly lower for the aft flaps.

Quasi-wings.- The dimensions of the configuration with the wing root
faired are given in figure 3(0); the photograph shows the arrangement with
the root unfaired and unsealed. The shape of these wings was intended to sim-
ulate landing gear doors that could also serve as simple lifting surfaces.
The longitudinal aerodynamic characteristics with and without the wings are
presented in figure 1h.! Results are shown for two incidences and with and
without the wing root faired and sealed. It is apparent that the quasi-wings
improved the performance, especially with the root sealed and faired. The
maximum L/D was increased by about 1. These lifting surfaces would not only
improve the performance but would also reduce the landing attitude substan-
tially. For a 5.2° wing incidence at Cp, = 0.5, the wings would reduce a Dby
about 7.5°. The maximum incremental increase in Cp, achieved for the range
of variables investigated was 0.22 at o = 9°. This is equivalent to a max-
imm 1lift coefficient of 1.1 based on the projected area of the wing and is an
unusually high value for this type of 1lifting surface. These results suggest
that this type of lifting device is a promising method of improving the
performance of lifting body vehicles.

A simple computation using the results of figure 14 shows that the center
of pressure of the resultant force increment moves forward of the wing panels
after wing stall occurs. This indicates significant interactions between the
flow about the basic body and the quasi-wing panels.

Outboard ventral fins.- The outboard ventral fins are described in
figure 3(d). These fins were intended to straighten the outboard flow that
occurred on the lower surface of the body. Two configurations were investi-
gated, the thin outboard ventral fins and the thick outboard ventral fins.
The thick fins were designed to withstand high-speed aerodynamic heating.

The aerodynamic characteristics are shown in figure 15 for the thin fins
and in figure 16 for the thick fins. It is seen that the thin fins increase
both the longitudinal and directional stability and slightly decrease the
rolling moment due to sideslip. The aerodynamic effects of the thick fins are
similar but smaller than those of the thin fins.

Center dorsal fin.- The center dorsal fin described in figure 3(d) was
intended as a flow straightening device during aileron control settings. The
lateral-directional aerodynamic characteristics are shown in figure 17 as a
function of roll control settings. The basic longitudinal and lateral-
directional aerodynamic characteristics are not presented since the effect of

1The scatter in the moment coefficient evident in figure 1k and in
figures 11 and 12 is a result of the reduced accuracy due to the low test
dynamic pressure (17 1b/ft%).
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the dorsal fin on these characteristics was negligible. The results of
figure 17 indicate that Cnaa/CZ6 would be reduced from about -1 to -0.2 if
a

the dorsal fin were used on the M2-F2. The effect on the roll control was
very small. Hence, if the large adverse yaw due to roll control present on
the M2-F2 configuration is unacceptable, one successful method of markedly
decreasing it is by a dorsal fin such as. that tested.

CONCLUDING REMARKS

The maximum untrimmed L/D of the M2-F2 configuration was 4.2; the
maximum trimmed L/D was 4.0. The model had positive static longitudinal
stability over the entire trim range investigated.

The adverse yaw due to roll control was large but can be reduced by the
addition of a small dorsal fin between the upper flaps.

Wind-tunnel tests of the M2-F2 lifting body have shown that there are
significant interactions between the components and the body. Thus, the
aerodynamic characteristics determined from tests of isolated components
could not be superimposed to predict the overall aerodynamic characteristics
accurately.

Ames Research Center
National Aeronautics and Space Administration
Moffett Field, Calif., Nov. 3, 1966
124-07-~02-10-21
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A-32524

(a) Three-quarter front view.

Figure 2.- The model mounted in the 40- by 80-foot wind tunnel.
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(b) Three-quarter rear view. -2

Figure 2.- Concluded.

13




*SUOTSUSWIP TSPOW -*§ 2an3T4g

*U0TABINITIUOD Z4-ZW OTsed (B)

jurtod jusbup| =4

s S8YOUI Ul SUOISUSWIP ||
do|} 4amoT]
90U919434 9¢e G989 ¢
| 4 doyy 5%3/ 99 ovm_ 199'20% b2 O :suonpis
) dl 2 vyl aliL
b c/ieE o2 v'2s diL|
O
/| ™\ &_/,_[
| ¥
2'6g .
| ﬂ A\ t 2is | dl
. ! 1°91 01992 5
Z 9}D|d UOISUB}Xd 1°12 g'gee
sk ok
1722 ‘12 4806
1°1¢ 9°,02
Gg'el ] G'6l 1°102
ol 9e | 99| 9'v6|
Gl = 3 =X 0 9°191
ool W g€G'Gll=Z 9¢g"¢sl
51 &9 J9jusd snipo. Eo:omv
0's G'L Z= uoyDis
G2 '8 s9004.4ns [0214d1||@ puD 4DJ} 3pIS
0 e vS usamyaq sjuab
o c ool 19q sjuabupy 4o suIM
e o8
m.m m.w mm L2 o*_ump w..nm_ww_ 2S v
i ) s i I's
L0l Gl 2. ¥ | dL uolypoys Apog
vd g s H
; : 2'85 AT
g ¢l 2’6 14°1 Sl )
g2l 26 8t bHS Y- \
S°0l 0’6 (44 | i T
'8 9¢ T —=>—-
ybroyg 2L o¢ ﬁ | _——=—"<{jo|} woyjoq
o a5 G'9g 11 1oy sjuebupy 40 8ulT
0 0 v Lo - TL .
— 12\°) )2 A
Z A uolpis ol
S94DUIPJ009 AdouD) o

X GIE000"+ ZX LIO"- X2I'= X/"9= A

1L



*ponUTAUO) -°*§ 2IN3T g

*sdeTJ 3Je pue ‘suoadTde ‘SurarBI TIBIIBOQ JO STTBIS( (a)

Sdv4 L1dv SNOA313
022  uonois Apog

ONIMIV4 TIvlilvos
992 Ot2 uolinis
|

uoljoys Apo: sjuiod
G°99¢2 uolypis Apog JuebuD)

8|6up doj4 I
doj}f
/ﬁ\&.’/r S+ %sz i ;
Nf | asd||I3
: juiod

yuabuoy

80uaIsyal

L2 e5O¢+] 8Ll

S8YOU! Ul SuoISUBWIP ||V

.
€—wffe— 2459 = DaJY A %
Z8s

ﬂ 2e¥ _ﬁ Lpg k v

[ A Ny o
I'6y S'Iv pA ﬂ G of
M W l _ | W .{?IKAF

15




Projected area/side: 12-1/2 ft2

All dimensions
7-; 30 in inches

s ,
A~ All edges have |

40
156 177
Body stations

A-31466

(c) Details of quasi-wings.

Figure 3.- Continued.
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m 35



ol }‘_,

6 V/ﬁb( Small
° -
oA .
el r¥(
4 Nr/,/’% L=
.3 / ] — -G\ o}
0’ /',0\
ol T
> /’\{Cg'o./
) og 4?43—» /’OA
& - - a,Flap q,
.l ol deg type Ib/%t2
o] o O Upper 97
D 4
0 o 8
A 12
N 16
3 D O Aft 25
57 o 4
- “'V:_____ : & o 8
2 SR T [\Cri0 ) 0 12
Cp — A A P o 16
| 8—:—"“ O v |8

0
.04
.02
N
&t\\ —
Cm 0 \b§‘$“
ENNEN
NI
-.02 \'F%
'004

8fl(lpr deg

Figure 13.~- Comparison of aft flap control effectiveness with upper flap
control effectiveness; &; = 10°.

36 %




.Np.w\or.m JT =b pue nooa = lq ‘oousprout o0T- 2B sdeTz 4Je $SOTASTJIOLOBIBUD OTURUAPOISE
TeuTpniTSUoT 8Yl uo sJ00p Jes8 SuTpueT JuTTquesal sSUTM TTBUWS SUY3 JO S309JF8 YL - AT 2In3Td

an wy bap ‘© Qs
14 4 0O 20- O 20" $O° 90" 02 9o 2l 8 14 0 ¢ A I

paJing 2S vV

paJibjun uQ 8° O
v) 40 o

V/ ] | 2’5 o )

37

1001 Buipy sbuipy  Bap
‘ag \\

wo



002 = lg ‘6T~ =

N fUOT1BINSTIUOD ZI-ZW OTSBQ

12 JO SOIASTJISLOBIBYD OTWEBUADPOISE 2YJ UO SUTI PIBOgINOC UTYL Yl JO $198IJ8 YL -G =2In3Td

*SOT3STASYOBRIBYD OTWeUAPOISE TeUTPNITIUOT (B)

a0 bap ‘o
2 o 9z 82 b2 o0z 9 2l g 8 v 0 b 8 2-
EU QU
20- 0 200 bo° ¢ v e T
o I s
o ol / b
. ol A
T .
/) i il
D ﬂm o
\. % uQ a
mw : HO o w\mw
SUl} |DJJUBA PIDOQINO UIY |
§ M
9 ¥ 4 G
2 B 4
2 3 . .
: Y . g
m 4° 4 P
i 2 7 .
e 7 7
. )& il A

2™

N.

m.

¢
9
T
g°

mo

38



_.2
12
.08 - - > - D L
04 ——
Cn
0
-.04 v
Thin outboard 8.
-.08 ventral fins  deg
o Off -5
a 0
A2 o | 10
A On -5
D ] 10 { o
.04 o e o O O’ A —
0':".:i"-«-=5=\l—cﬁ..
G
-08 : }\—'\ ‘
-2 ’Q.‘?:ﬁk:g)-ﬁ
-l16

-12 -8 -4 o) 4 8 12 I6 20 24 28
a, deg

(b) Lateral-directional aerodynamic characteristics.

Figure 15.- Concluded.

———

32

39



‘UOTIBINSTJUOD ZJI-ZW OTSBQ dU3 JO
S0795TI9308IBYD OTWeuLpolse SYj UO SUTJ TBIJUSA PIBOQINO HOTUZF SUY3 JO S309JJ8 oYL -9l oInITd

*90T1STI9YOBIBYD OTUWRUADOLSE TBUTPNGTIUO] (B)

asn bap ‘0
14 [4 0 2- 8¢ ve 0¢ 9l 2l 8 14 0o v- 8- 2l-
v0- 20- O 20 v0O° v g 2 I* oN.
A -
0
u 0 6lI-v *
up 02 6GI-9¢
3O 0g GI-O 2
30 02 6SI-o
suiy bap bBap 3 L
.Nm -Sw L : X m.
v.
m.
4 wo
Nt
s oF 8°
m.

Lo




(b)

.12
.08
.04
0
B.
-04 Fins deg
o Off -5
-o8| © 0
o 5
Iy |
Jd2 ©
N On -5
D 0
o 10 L
04 .
o .
= ‘."ﬁ.l ——
=04
-08 - - >4
=2 t:§L4$*1r
-.IG
-2 -8 -4 0 4 8 2 16 20 24 28 32
a, deg
Lateral-directional aerodynamic characteristics; &, = -15°, &, = 30°.

Figure 16.- Concluded.

L Y

b1



ol
o T ==
Cy a, deg Fin
- O -8 Off
0 0
o 8
-2 A 16
N 24 ¥
D -8 On
.08 ) 0
o 8
O 16
.04 o 24 Y —
N (S
Cn 0 - 2 - —
-004
-.08
.04
\\
G 0 Tt
%\
-004
-16 -8 0 8 6 24 32
8q, deg

Figure 17.- The effects of the dorsal fin on the lateral control effectiveness
of the basic M2-F2 configuration; &, = -10°, &, = 20°.

Lo N NASA-Langley, 1967 A-2253




“The aeronautical and space activities of the United States shall be
conducied so as io contribuie . . . 10 the expansion of human knowl-
edge of phenomena in the aimosphere and space. The Administration
shall provide for the widest practicable and appropriate dissemination
of information concerning its activities and the results thereof.”

—INATIONAL AERONAUTICS AND SPACE ACT OF 1958

NASA SCIENTIFIC AND TECHNICAL PUBLICATIONS

TECHNICAL REPORTS: Scientific and technical information considered
important, complete, and a lasting contribution to existing knowledge.

TECHNICAL NOTES: Information less broad in scope but nevertheless
of importance as a contribution to existing knowledge.

TECHNICAL MEMORANDUMS: Information receiving limited distri-
bution because of preliminary data, security classification, or other reasons.

CONTRACTOR REPORTS: Technical information generated in con-
nection with a NASA contract or grant and released under NASA auspices.

TECHNICAL TRANSLATIONS: Information published in a foreign
language considered to merit NASA distribution in English.

TECHNICAL REPRINTS: Information derived from NASA activities
and initially published in the form of journal articles.

SPECIAL PUBLICATIONS: Informa derived from or of value to

ECIAL PUBLICAT Information derived
NASA activities but not necessarily reporting the results -of individual
NASA-programmed scientific efforts. Publications include conference
proceedings, monographs, data compilations, handbooks, sourcebooks,
and special bibliographies.

Details on the availability of these publications may be obtained from:

SCIENTIFIC AND TECHNICAL INFORMATION DIVISION

c A ML AILI eT n TIA A
L AERCNAUTICS AND SPACE ADMINISTRATION

Washington, D.C. 20546






